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1 Introduction
In RAN1#116 [1], the following agreements regarding the on-demand SSB for SCell operation were made: 
Agreement
Regarding the UE assumption on SSB transmission on a cell supporting on-demand SSB SCell operation, the following cases are identified for further study:
· Case #1: No always-on SSB on the cell
· Case #2: Always-on SSB is periodically transmitted on the cell
· FFS: Whether always-on SSB and on-demand SSB are not cell-defining SSB if transmitted.
FFS: Which scenario the above applies for 

Agreement
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.

Agreement
For the following identified scenarios for on-demand SSB SCell operation, focus future RAN1 discussion to down-select (both may be selected) between the two scenarios.
· Scenario #2: SCell is configured to a UE but before the UE receives SCell activation command (e.g., as defined in TS 38.321)
· Scenario #3: After UE receives SCell activation command (e.g., as defined in TS 38.321)
· This does not preclude SCell for which activation is completed
· FFS: The case where SCell activation is completed
FFS: Application timing between NW triggering message and on demand SSB transmission

Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE

Agreement
· For SSB burst(s) triggered by on-demand SSB SCell operation, study at least the following options.
· Option 1: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A.
· Option 1A: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A until gNB turns OFF the on demand SSB
· Option 2: UE expects that on-demand SSB burst(s) is transmitted from time instance A to time instance B and not transmitted after time instance B.
· Option 3: UE expects that on-demand SSB burst(s) is transmitted N times after time instance A and not transmitted after N on-demand SSB bursts are transmitted.
· Option 4: UE expects that on-demand SSB burst(s) is transmitted with a periodicity from time instance A to time instance B and with the other periodicity after time instance B.
· FFS: The combination of above options
· FFS: How to define time instance A/B and the value of N per option
· FFS: Each option is applicable to which Cases or Scenarios (as per the previous agreement)

This contribution discusses the further details on supporting on-demand SSB on SCell, including the scenarios for supporting on-demand SSB, structure of on-demand SSB, trigger for on-demand SSB, and transmission pattern for on-demand SSB. 
2 Scenarios for supporting on-demand SSB
1 
2 
In RAN1#116, the legacy NR SCell operation has been divided into 4 scenarios, as illustrated in Figure 1 (illustrating the SCell with periodic SSB is only for illustration purpose, and the scenarios are also applicable to the SSB-less SCell): 
· Scenario #1: SCell is not configured
· Scenario #2: SCell is configured to a UE but before the UE receives SCell activation
· Scenario #3: After UE receives SCell activation command and before the activation delay
· Scenario #4: SCell is activated


[bookmark: _Ref158103577]Figure 1 Illustration of legacy NR procedure for SCell.
In RAN1#116, it has been agreed not to support on-demand SSB for Scenario #1, and further down-select to one or both scenario(s) from Scenario #2 and Scenario #3, with a FFS on whether Scenario #3 also includes Scenario #4 if supporting on-demand SSB for Scenario #3. 
First, it needs to be clarified that the determination of scenarios is from UE’s perspective. The operations of the configuration of a SCell and the activation of a SCell are both UE-specific, hence, the division of scenarios based on the reception for SCell configuration and the reception of MAC CE for activation command is also per UE. It is highly likely that the division of scenarios are not the same from different UEs’ perspective, then the supporting of on-demand SSB for one UE and for a given scenario shall consider its impact to another UE in its various scenarios. 
An example illustrating the scenarios of multiple UEs in the SCell is shown in Figure 2. If supporting on-demand SSB in Scenario #3 (as an example) for UE 1, the transmission of on-demand SSB actually takes place in Scenario #1 for UE 2 and in Scenario #4 for UE 3, when the division of scenarios are as illustrated in Figure 2. 


[bookmark: _Ref162512276]Figure 2 Illustration of scenarios for multiple UEs.
Observation 1: The division of scenarios is from UE’s perspective, and on-demand SSB transmitted in one scenario for a first UE can be any scenario for a second UE. 
Then, it is also noted that the transmission of on-demand SSB is a cell-specific behaviour. Even though the intention of the transmission of on-demand SSB is only for particular UE(s), its impact could possibly be equally applicable to at least other UEs supporting the feature of on-demand SSB in the cell. For example, still using Figure 2 for illustration, the transmission of on-demand SSB in Scenario #3 for UE 1 could impact UE 3 in Scenario #4 (e.g., data rate matching based on SSB). In this sense, even though the on-demand SSB is intended for UE 1 for SCell activation, UE 3 should also be aware of the transmission of such on-demand SSB. 
Observation 2: The transmission of on-demand SSB is cell-specific, and may impact other UEs supporting the feature of on-demand SSB in the cell for particular scenarios.
Based on above discussions and observations, we further analyse the scenarios to support on-demand SSB, including the transmission of on-demand and the triggers for on-demand SSB (these two aspects could be separately discussed). 
Since Scenario #1 is agreed not to be supported, wherein the only operation related to SSB is SSB based RRM measurement of the cell as a candidate SCell, it can be implied that the RRM measurement based on periodic SSB, either from the candidate SCell or from a reference cell for SSB-less SCell, is not impacted by the on-demand SSB. Then combining with the observation that the supporting of on-demand SSB for one UE in other scenarios could be Scenario #1 for some other UEs in the cell, the transmission of on-demand SSB, no matter supported for which scenario, shall not impact the transmission of periodic SSB either from the SCell or from a reference cell for SSB-less SCell. 
Proposal 1: The transmission of on-demand SSB, no matter supported for which scenario, shall not impact the transmission of periodic SSB (either from the SCell or from a reference cell for SSB-less SCell) in all scenarios. 
Scenario #2 can be a first use case of on-demand SSB. If a SCell is configured without measurement report (i.e., an unknown SCell), before receiving the activation command for the SCell, a UE can request or be provided with on-demand SSB to perform measurement and report to the gNB, such that the SCell is able to be determined as known SCell and shorten the delay for SCell activation. For this scenario, the gNB trigger and/or UE trigger for on-demand SSB can be also transmitted. 
Scenario #3 can be another use case of on-demand SSB, e.g., for fast SCell activation, such that the SCell can be implemented with long-periodicity SSB or SSB-less to save network energy. For this scenario, the gNB trigger and/or UE trigger for on-demand SSB can be also transmitted. 
Scenario #4 could be yet another use case of on-demand SSB. After a SCell is activated, due to the change of channel condition and/or UE mobility for instance, the UE can lose its synchronization or experience beam failure for data reception. In such cases, the UE needs to rely on periodic SSB(s) to perform re-synchronization or beam failure recovery in the legacy NR procedure, and now can use on-demand SSB to achieve the purpose with shorter delay. It is noted that the data reception in Scenario #4 anyway needs to be aware of the on-demand SSB transmission supported in other scenario (e.g., Scenario #2 or #3), there is not much extra effort on supporting on-demand SSB in Scenario #4. It is also noted that, as pointed out in Proposal 1, even though on-demand SSB is transmitted for Scenario #4, the legacy periodic SSB transmission should not be impacted, and the UE can still rely on the periodic SSB for RRM measurement, and re-synchronization by its implementation. 
Overall, we are supportive of on-demand SSB transmission and gNB/UE trigger in Scenario #2, #3, and #4 (i.e., after SCell is configured). A unified design shall be targeted for supporting them in multiple scenarios. 
Proposal 2: Support on-demand SSB transmission and gNB/UE trigger in both Scenario #2 and Scenario #3 (including Scenario #4 - after SCell is activated): 
· A unified design shall be targeted for supporting them in multiple scenarios.
· Periodic SSB transmission on the SCell, if any, is not impacted by the on-demand SSB transmission.
3 Structure of on-demand SSB
3 
4 
For on-demand SSB, it was discussed whether to support a simplified structure, e.g., skipping the transmission of PBCH, in order to further save energy from the gNB. We noticed that modifying the legacy SSB structure originated from Rel-15 would lead to non-trivial impact to specification and implementation (e.g., especially for legacy UEs), so it is better not to be pursued in Rel-19.   
Proposal 3: SSB structure for the on-demand SSB maintains the same as legacy. 
4 Trigger for on-demand SSB
5 
6 
4.1 gNB triggered on-demand SSB
In RAN1#116, it was agreed to at least support on-demand SSB triggered by the gNB, with design details as FFS. 
For this method, the on-demand SSB transmission can be triggered by a gNB using a downlink channel (e.g., downlink trigger), wherein the downlink trigger can reuse existing NR channel but include a new field for configuring or triggering on-demand SSB transmission. As discussed in the previous session of this contribution, at least one downlink trigger should notify all UEs in the cell about the transmission of on-demand SSB, since the transmission may impact all UEs that have received the activation command for the SCell. In this sense, MAC CE for SCell activation/deactivation only may not be sufficient to be used as the downlink trigger, and enhanced MAC CE in a cell-specific manner or cell-specific L1 signalling can be considered. 
Other than the triggering information, the downlink trigger can further carry configurations on the on-demand SSB, such as time-domain transmission pattern, which to be further detailed in later sections. 
Proposal 4: At least one downlink trigger (e.g., L1/L2 signalling) for on-demand SSB should notify the transmission of on-demand SSB to UEs supporting the feature of on-demand SSB in the cell. 
4.2 UE triggered on-demand SSB
In another way, the on-demand SSB transmission can be triggered by a UE. In various scenarios, the need of SSB is more urgent and essential from a UE’s perspective, and the following are some examples: 
· Example 1: For an activated SCell, a UE may experience beam failure and initiate a beam failure recovery (i.e., on-going Rel-19 MIMO feature), and for such scenario, the UE could request the proper SSB beam or report the improper SSB beam since it has better knowledge other than the gNB. For this scenario, the supporting of on-demand SSB can be an accompany feature to facilitate fast beam failure recovery initiated by the UE, observing that the legacy failure recovery procedure relying on periodic SSB may have much longer delay. 
· Example 2: For a configured but not activated SCell, a UE may have overloaded UL traffic which may not be known by the gNB yet (e.g., by UL MAC CE to report the buffer status), and requires the activation of the SCell to offload the UL traffic. For this scenario, triggering on-demand SSB for fast SCell activation can be a more efficient procedure than reporting the uplink buffer to the gNB and waiting for the gNB to trigger the SCell activation. 
· Example 3: For an activated SCell, a UE may lose its synchronization after a long duration without receiving data from the gNB. For this scenario, triggering on-demand SSB for fast SCell re-synchronization can be a more efficient procedure than utilizing the periodic SSB with long periodicity (assuming CSI-RS/TRS is not implemented in the cell), since typically multiple SSB bursts are needed for the re-synchronization procedure which leads to a longer delay. 
For UE triggered on-demand SSB, an uplink signal/channel, e.g., UL wake-up-signal (UL WUS), can be supported. The UL WUS can reuse existing NR signal or channel but with at least the new functionality of triggering the on-demand SSB transmission. For example, PRACH, PUCCH, or PUSCH can all be considered as candidates for UL WUS, and RAN1 can further discuss the details and application of the UL WUS for each supported scenario of on-demand SSB, with the understanding to strive to minimize the specification impact and avoid extra energy consumption. In one further consideration, for UE triggered on-demand SSB, a gNB’s feedback to the UL WUS and serving as the downlink trigger for the on-demand SSB transmission can be supported, such as a PDCCH to serve this functionality before the on-demand SSB transmission. It is noted that it may not be always be efficient to trigger the on-demand SSB transmission fully subject to a UE’s request, and the decision of on-demand SSB transmission can be still up to the gNB (e.g., UEs cannot enforce a gNB to transmit the on-demand SSB), e.g., included in the gNB’s feedback. For this way of UE triggered on-demand SSB transmission, the UE behaviour after transmitting the UL WUS needs to be specified in RAN1 and/or RAN2, at least including the timeline for monitoring the on-demand SSB and the gNB’s feedback, the retransmission scheme of the UL WUS, and the conditions for gNB’s feedback and triggering on-demand SSB transmission considering served UEs with different request the on-demand SSB.  
Proposal 5: Support UL WUS for UE triggered on-demand SSB.
5 Transmission pattern of on-demand SSB
7 
8 
In RAN1#116 [1], the following options were agreed for considering the transmission pattern of on-demand SSB: 
· Option 1: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A.
· Option 2: UE expects that on-demand SSB burst(s) is transmitted from time instance A to time instance B and not transmitted after time instance B.
· Option 3: UE expects that on-demand SSB burst(s) is transmitted N times after time instance A and not transmitted after N on-demand SSB bursts are transmitted.
· Option 4: UE expects that on-demand SSB burst(s) is transmitted with a periodicity from time instance A to time instance B and with the other periodicity after time instance B.
According to Proposal 1, the transmission of on-demand SSB shall be on top of the periodic SSB. In this sense, Option 2 and Option 3 are more aligned with the design principle in Proposal 1, and another periodic SSB transmission after certain time instance (e.g., as in Option 1 and Option 4) can be considered as a topic in agenda 9.5.3 (i.e., adaptation of the periodicity of SSB transmission) thus can be deprioritized in this agenda. 
Between Option 2 and Option 3, Option 3 is a simpler approach since only one trigger for activation is needed, but may need involvement of RAN2 work on the design of the timer for the transmission duration; while Option 2 needs two triggers to define time instance A and B, and may need more discussion on the UE behaviour of missing at least one of the triggers (especially the trigger for time instance B). It is also noted that Option 2 and Option 3 can actually collaborate with each other. 
Proposal 6: For the transmission pattern of on-demand SSB, prioritize Option 2 and Option 3 and further discuss their details.  
6 Conclusion
The proposals made in this contribution are summarized below: 
Observation 1: The division of scenarios is from UE’s perspective, and on-demand SSB transmitted in one scenario for a first UE can be any scenario for a second UE. 
Observation 2: The transmission of on-demand SSB is cell-specific, and may impact other UEs supporting the feature of on-demand SSB in the cell for particular scenarios.
Proposal 1: The transmission of on-demand SSB, no matter supported for which scenario, shall not impact the transmission of periodic SSB (either from the SCell or from a reference cell for SSB-less SCell) in all scenarios. 
Proposal 2: Support on-demand SSB transmission and gNB/UE trigger in both Scenario #2 and Scenario #3 (including Scenario #4 - after SCell is activated): 
· A unified design shall be targeted for supporting them in multiple scenarios.
· Periodic SSB transmission on the SCell, if any, is not impacted by the on-demand SSB transmission.
Proposal 3: SSB structure for the on-demand SSB maintains the same as legacy. 
Proposal 4: At least one downlink trigger (e.g., L1/L2 signalling) for on-demand SSB should notify the transmission of on-demand SSB to UEs supporting the feature of on-demand SSB in the cell. 
Proposal 5: Support UL WUS for UE triggered on-demand SSB.
Proposal 6: For the transmission pattern of on-demand SSB, prioritize Option 2 and Option 3 and further discuss their details.  
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[1] 3GPP RAN1#116 chairman notes, Feb, 2024.
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